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The low-temperature heat capacity of the (Th1y,Puy)O2 solid solution with y¼0.03, 0.08, 0.30, 0.54 and
0.85 was determined from 4 K up to about 300 K with a PPMS instrument using the hybrid adiabatic
relaxation method. In addition, the heat capacity of 239PuO2 end member was also measured and
compared with available literature data for 242PuO2, observing an indistinguishable match. The obtained
heat capacity values of the intermediate compositions are greater than the data obtained from Neu-
mann–Kopp's molar additivity rule based on the ThO2 and PuO2 end-members, and a substantial excess
capacity is observed for all intermediate compositions, particularly at the lowest temperatures.
& 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
In the context of evaluating the prospects of thorium-based
fuel for generation IV nuclear reactors [1], a substantial effort is
made in studying the thermal properties of its mixed oxides with
the actinide elements uranium and plutonium. Numerous in-
vestigations were performed in a wide temperature range to un-
derstand the behaviour of this potential nuclear fuel from ther-
modynamic point of view [2–9].
Heat capacity is one of the key thermodynamic properties as it
describes the relation between the heat change and temperature
of a material. It also reveals essential information about phase
transitions, lattice vibrations, energy excitations and defect struc-
tures of a material. It is clear that for any material the heat capacity
tends to decrease strongly with decreasing temperature, ﬁnally
reaching zero at the absolute zero temperature in case of a perfect
crystal. When a mixed oxide solid solution is considered, the heat
capacity is strongly related to the end-members. However, the
substitution of isovalent ions with different sizes on the cation
sublatice is changing the interatomic distances of the ﬁrst nearest
neighbour atoms by compression or expansion of the bonds. Also
contributions to the heat capacity that are of electronic origin,
such as Schottky anomalies, may be affected by the dilution.
Therefore the behaviour of solid-solution materials may deviateLtd. This is an open access article u
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. Konings).from the trend suggested by the end members and may show
substantial excess contributions.
In one of our previous studies [10] the heat capacity of thor-
ium–plutonium mixed oxides was investigated in the high-tem-
perature range (476–1790 K). In the present work we have ex-
tended our investigations of this system to the low-temperature
regime. We have measured the heat capacity of (Th,Pu)O2 solid
solutions with 3, 8, 30, 54 and 85 wt% PuO2 in the temperature
range from a minimum of 3.6 K to about 300 K. This minimum
temperature was higher than normally achievable one by the
equipment used, due to effects of self-heating resulting from the
239Pu isotope used in our work. Since the literature data for PuO2
refer to a material containing the 242Pu isotope [11], in which the
self-heating is about 15 times lower, we also investigated the
239PuO2 end-member in the temperature range of 5.9 K up to
about 300 K. The complete data set allows a detailed analysis of
the variation of the heat capacity for these solid solutions as a
function of the composition.2. Experimental
2.1. Sample preparation
The heat capacity measurements performed in this study were
done on samples with different PuO2 concentrations which were
produced by the sol–gel technique. For this process the thorium
nitrate and plutonium dioxide were used as starting materials. The
preparation and characterisation of the (Th1y,Puy)O2 solidnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Table 1
(Th, Pu)O2 compositions, weights and temperature intervals.
Composition Temperature (K) Mass (mg)
Th0.97Pu0.03O2 7.34–21.99 27.4
21.99–291.94 27.4
Th0.92Pu0.08O2 3.58–22.15 16.8
22.15–272.27 25.7
Th0.70Pu0.30O2 6.55–22.22 20.3
22.22–291.91 20.3
Th0.46Pu0.54O2 7.25–21.96 10.1
21.96–297.39 21.4
Th0.15Pu0.85O2 8.05–22.07 7.4
21.99–296.61 27.4
PuO2 5.81–30.28 5.6
30.44–270.49 16.6
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detail in our previous work [10] but also by Cozzo et al. [9]. The
pure PuO2 sample was a fragment of a pellet made from stock
material [9,10]. In order to avoid build up of radiation damage, our
samples were annealed before the measurement. The isotopic
composition of the plutonium used was 91.5% 239Pu, 8.302% 240Pu,
and 0.685% 241Am as decay product of 241Pu.
2.2. The PPMS technique
The low temperature heat capacity measurements were per-
formed using a PPMS-9 instrument (Physical Property Measure-
ment System, Quantum Design) in the temperature range 7.3–
291.9 K, 3.6–272.2 K, 6.5–291.9 K, 7.3–297.4 K and 8.1–296.6 K for
the solid solutions with 3, 8, 30, 54 and 85 wt.% PuO2 respectively
and from 5.9 K to 270.5 K for PuO2. The instrument installed in our
laboratories can determine the speciﬁc heat of samples with a
relatively small mass (few mg) by a hybrid adiabatic relaxation
method. The description of the technique and details of our ap-
paratus and the method of handling radioactive actinide samples
can be found in the work of Javorský et al. [13]. The measurements
of Th0.97Pu0.03O2, Th0.92Pu0.08O2, Th0.70Pu0.30O2, Th0.46Pu0.54O2,
Th0.15Pu0.85O2 and PuO2 were made on small pieces of discs which
were wrapped in an appropriate amount of Stycast (2850 FT) low-
temperature conductive epoxy. Self-heating correction was taken
into consideration and the heat capacity of the corresponding
Stycast was measured separately and subtracted, resulting in an
uncertainty of the measurements of 3–5%, depending on the mass
of sample.
For the current study, measurements of the heat capacity were
performed in two temperature ranges in order to reach the lowest
temperature possible. For each composition, two samples were
selected with different masses. For the very low temperature re-
gion a smaller sample, when available, was used in order to obtain
the lowest value on the temperature scale in view of the self
heating effect of 239Pu. From about 22 K up to 300 K the quantity
of used material was almost doubled. In Table 1 the masses of the
samples used for this study are listed together with the tem-
perature range that was covered for each composition.3. Results and discussion
3.1. PuO2
The results for the heat capacity of 239PuO2 end-member are
shown in Fig. 1(a) and are listed in Table 4. Our results agree very
well with the available literature data for 242PuO2 by Flotow et al.
[11] obtained by traditional adiabatic calorimetry on a sample of
22.5 g. These authors also measured the heat capacity of a 244PuO2
sample (3.64 g) between 4 and 25 K, obtaining very similar results
and conﬁrming the absence of anomalies. The radioactivity of
239Pu and also the minor isotope 240Pu that is present in our
sample is much higher than that of 242Pu and as a result the self-
heating of the sample and rapid build up of radiation-induced
defects may affect the measurement. The adiabatic calorimetric
measurements on 239PuO2 by Sandenaw [12] have clearly de-
monstrated that this could lead to anomalous and irreproducible
results. A comparison of the heat capacity obtained in this study
with the above mentioned literature data is shown in Fig. 2 as C T/p
against the squared temperature.
In our measurements the self-heating effect was limited by
using very small amounts of samples (5.6 and 16.6 mg), and ap-
plying appropriate corrections based on the decay heat. The in-
ﬂuence of radiation-induced defects was limited by annealing the
sample just before the measurement at T¼1273 K in air for 10 h.
Moreover, in the PPMS equipment the heat capacity of the sample
was measured when cooling down from room temperature,
starting with a pristine sample, gradually building up radiation
defects that more easily survive with decreasing temperature. This
is different from adiabatic calorimetry for which the sample is ﬁrst
brought to the lowest cryogenic temperature, where radiation
defects immediately build up with a high survival rate, and the
complete measurement is performed on more damaged sample.
The experimental heat capacity values in the very low tem-
perature region ( 12 K< ) have been ﬁtted using the following
equation:
⎛
⎝⎜
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⎠⎟
C
N k
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5 1
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A B D
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θ·
= · ·
( )
Fig. 1. Low-temperature heat capacity of the intermediate compositions (b)–(f). The inset graphs show the very low temperature region, where the Neuman–Kopp data were
computed using Eq. (1). (a) shows the comparison of the measured PuO2 heat capacity with literature data published by Flotow et al. [11] on 242PuO2 sample.
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Boltzmann's constant and Dθ is the Debye temperature. This
equation implies a linear relation between C T/p and T
2, and asshown in Fig. 2 this is indeed observed for our results for PuO2.
Moreover, C T/P nicely extrapolates to zero at T¼0 K. Our data are
slightly higher than the results of Flotow et al. for 242PuO2 and
Fig. 2. Heat capacity over temperature versus squared temperature of the measured 239PuO2, together with the literature data of Flotow et al. [11] and Sandenaw [12].
Fig. 3. Low-temperature heat capacity over temperature versus squared temperature of the measured intermediate compositions, together with the values of the end-
members, PuO2 measured in this study and ThO2 from Magnani et al. [18].
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results of Sandenaw for 239PuO2 are much higher and suggest a
non-zero entropy at T¼0 K, probably resulting from radiation-
induced disorder. From our data we obtain 234.3 KDθ = for PuO2.
By extrapolation of the linear relation to 0 K, we obtain for the
entropy at 12 K, S 0.087 J K mol0 1 1= − − , whereas Flotow et al. [11]
obtained S 0.051 J K mol0 1 1= − − at the same temperature.
The absolute entropy at 298.15 K derived from our low-tem-
perature heat capacity data is S 298.15 65.79 J K mol0 1 1( ) = − − .
3.2. The (Th1y,Puy)O2 solid solutions
The results for the low-temperature heat capacity of (Th1y,
Puy)O2 solid solutions for y¼0.03, 0.08, 0.30, 0.54 and 0.85 are
shown in Fig. 1 and listed in Tables 5–9. The plots in Fig. 1 showthat the heat capacity curves of the samples increase smoothly
with increasing temperature and that no phase transitions or
other thermal anomalies are present for the measured tem-
perature range.
In this paper the low temperature heat capacity is described as
the sum of the lattice and excess components as shown in the
following equation:
C C C 2P lat exs= + ( )
In the actinide oxides, the lattice heat capacity is attributed prin-
cipally to the lattice vibrations, while the excess heat capacity is
mainly due to the contribution of the 5f electron excitation caused
by the crystal ﬁeld splitting [14–16], resulting in a Schottky-type
anomaly. In the solid solutions, however, the excess heat capacity
contains an additional contribution due to the interaction of
Fig. 4. (a) Evolution of the Debye temperature ( Dθ ) with PuO2 content of the (Th, Pu)O2 system, represented as deviation from ideality DθΔ . (b) Evolution of the entropy at
12 K with PuO2 content of the (Th, Pu)O2 system, represented as deviation from ideality S 12 K0Δ ( ).
Table 2
The corresponding values for Dθ , DθΔ , S 12 K0( ) and S 12 K0Δ ( ) obtained in this study.
Composition Dθ (K) DθΔ (K) S 12 K0( )
(J mol1 K1)
S 12 K0Δ ( )
(J mol1 K1)
ThO2 288.7 0 0.047 0
Th0.97Pu0.03O2 247.5 39.6 0.074 0.026
Th0.92Pu0.08O2 237.6 46.7 0.084 0.034
Th0.70Pu0.30O2 236.9 35.5 0.084 0.025
Th0.46Pu0.54O2 223.5 35.8 0.100 0.031
Th0.15Pu0.85O2 219.1 23.4 0.110 0.029
PuO2 234.3 0 0.087 0
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C C C C 3P lat Sch mix= + + ( )
In our work the lattice heat capacity is computed from the com-
position weighted average of the end-members (Neumann–Kopp).The PuO2 lattice heat capacity was obtained after subtracting CSch
calculated from the crystal ﬁeld energy levels (0, 992, 1776,
2153 cm1) for the 5I4 ground state of the 5f4 conﬁguration [14].
For ThO2, which has a 5f0 conﬁguration, no electronic contribution
needs to be considered. The phonon contribution can be described
by the harmonic crystal approximation and additional correction
for internal anharmonicity of vibrational modes [17].
For computing the Neumann–Kopp data, the results of ThO2
previously measured with the same equipment as used in this
work [18] and PuO2 measured in this study were used, respec-
tively. Due to lack of experimental results below 7 K for the con-
sidered end-members, we had to extrapolate the heat capacity of
ThO2 and PuO2 down to 0 K. The Debye model was used to de-
scribe this low-temperature region (0–12 K) and the heat capacity
function of each individual oxide was obtained.
3.2.1. The low temperature range ( T0 /K 25< ( ) < )
In this temperature range the Schottky contribution from the
crystal ﬁeld splitting of PuO2 is practically negligible, so any excess
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Fig. 5. Excess heat capacity evolution with temperature for all intermediate compositions. The solid curve shows the Schottky contribution obtained from that calculated for
pure PuO2 (see text) and scaled to the PuO2 concentration in the solid solution.
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substitution and disorder on the crystal lattice affecting the pho-
non frequencies of the solid solution compared to the end mem-
bers. The substitution of isovalent ions with different sizes on the
cation sublatice, Pu4þ (100 pm) and Th4þ (108 pm) is changingthe interatomic distances of the ﬁrst nearest neighbour atoms by
compression or expansion of the bonds. Small changes in the in-
teratomic distances can lead to signiﬁcant changes in the intera-
tomic forces [19,20], particularly at low temperature where the
bonds become stiffer, and thus to changes in the phonon density of
Fig. 6. The relative excess heat capacity evolution with temperature for the investigated intermediate compositions.
Table 3
Constants for the polynomial ﬁt equations of the low temperature heat capacity
according to C A B T C T D T/ J mol K /K /K /KP
1 1 2 1( ) = + ·( ) + ·( ) + ·( )− − − .
Solid solution C 298.15 KP ( ) A B C 10 4· − D
Th0.97Pu0.03O2 60.72 11.14913 0.44351 6.88722 70.4244
Th0.92Pu0.08O2 62.36 10.58597 0.44119 6.49330 59.5451
Th0.70Pu0.30O2 62.09 9.88905 0.43234 6.58941 48.14442
Th0.46Pu0.54O2 65.42 9.21239 0.43232 6.13153 37.40719
Th0.15Pu0.85O2 67.37 8.2539 0.42443 5.72083 20.91311
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as observed in this work.
The inset graphs of Fig. 1 clearly show a positive difference
between the measured and calculated lattice heat capacity values,
indicating a substantial excess contribution in this temperature
interval.
Fig. 3 shows the measured heat capacity of the intermediate
compositions as C T/p against the squared temperature together
with the data of the end-members, the heat capacity of PuO2
measured in this study and the heat capacity of ThO2 measured
with the same instrument [18]. The experimental heat capacity
values in the very low temperature region ( 12 K< ) have been ﬁtted
using Eq. (1) to yield the Debye temperature Dθ , which is char-
acteristic for the phonon dispersion in a solid. Its variation in the
(Th,Pu)O2 system is represented in Fig. 4(a) as DθΔ , showing that
the Debye temperatures of the solid solution are systematically
lower than the end members, which is thus a clear indication for
the substantial impurity-phonon scattering occurring in this sys-
tem at low temperature.
This is also evident from the entropy calculated at 12 K for each
individual composition, based on the low-temperature data ob-
tained in this study using the same approach as for the PuO2. Its
variation, shown in Fig. 4(b), reveals a similar deviation from thelinear interpolation of the end-members, with composition. The
Dθ , DθΔ , S 12 K0( ) and S 12 K0Δ ( ) values are given in Table 2.
3.2.2. The intermediate temperature range ( T25 /K 250< ( ) < )
In this temperature range the excess contribution (Schottky)
from breaking of the degeneracy of the 4I5 electronic ground state
of the Pu4þ ion also needs to be considered in the analysis of the
heat capacity. It should be realised that towards the end of this
temperature range the excess heat capacity represents a small
difference between two large numbers, and is thus subjected to
increasing uncertainties. Moreover, the samples had to be en-
capsulated in a signiﬁcant quantity of Stycast, for contamination
reasons [13], and as a result a non-negligible contribution to the
measured total signal was due to the encapsulation.
The comparison to the lattice heat capacity (i.e. without con-
sidering the Schottky anomaly in PuO2) obtained from the Neu-
mann–Kopp's molar additivity rule is shown in Fig. 1 and the
calculated excess heat is shown in Fig. 5 as C CP
m
lat
N KΔ( − )– . It can be
seen that an excess contribution is present for all compositions,
and it becomes more obvious with increasing PuO2 concentration.
For the two samples with the highest concentration, Th0.46Pu0.54O2
and Th0.15Pu0.85O2, we observe a clear rise in the excess heat ca-
pacity above 100 K, at which the effect of the Schottky contribu-
tion is expected. For the Th0.70Pu0.30O2, Th0.92Pu0.08O2 and
Th0.97Pu0.03O2 compositions, the excess heat capacity is constant
above about 100 K, considering the accuracy in that temperature
range.
It is also clear from Fig. 5 that the cation substitution and dis-
order on the crystal lattice are still prominent in this temperature
range. From the results we thus conclude that the increase of the
excess heat capacity up to 150 K is mainly due to the effect of
cation substitution on the phonon modes and above this tem-
perature the excess arising from the Schottky contribution of the
5f electrons of Pu4þ (crystal ﬁeld splitting) is evident in the
samples with high Pu concentration.
Table 4
Low-temperature heat capacity values of PuO2 end-member measured in this study.
T /Km CP/(J mol
1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1)
5.81 0.0322 46.36 9.5477 103.54 27.6132 160.82 42.6308 218.17 54.0759
5.85 0.0338 47.37 9.9018 104.56 27.9346 161.83 42.8387 219.18 54.1614
5.90 0.0325 48.37 10.2548 105.56 28.2229 162.83 43.0720 220.18 54.2828
5.96 0.0327 49.37 10.6058 106.56 28.5139 163.84 43.3002 221.19 54.4229
6.02 0.0345 50.37 10.9610 107.57 28.8025 164.85 43.5262 222.19 54.5984
6.11 0.0377 51.38 11.2847 108.57 29.1007 165.85 43.7335 223.20 54.7941
6.20 0.0403 52.38 11.6253 109.57 29.3914 166.85 43.9726 224.20 55.0111
6.30 0.0410 53.38 11.9754 110.57 29.6824 167.86 44.1874 225.21 55.2843
6.43 0.0428 54.38 12.3105 111.58 29.9865 168.87 44.4126 226.20 55.5102
6.57 0.0439 55.38 12.6428 112.58 30.2759 169.87 44.6440 227.22 55.8185
6.75 0.0486 56.39 12.9750 113.59 30.5612 170.88 44.8678 228.22 56.0487
6.95 0.0532 57.39 13.3095 114.59 30.8356 171.88 45.0946 229.23 56.2324
7.18 0.0584 58.39 13.6401 115.60 31.1446 172.89 45.3175 230.23 56.3427
7.43 0.0646 59.39 13.9643 116.60 31.4386 173.89 45.5390 231.24 56.5221
7.72 0.0724 60.40 14.2957 117.61 31.7117 174.89 45.7769 232.24 56.7248
8.05 0.0824 61.40 14.6258 118.61 31.9964 175.90 46.0312 233.25 56.8674
8.44 0.0932 62.40 14.9535 119.61 32.2727 176.91 46.2386 234.26 57.0568
8.96 0.1106 63.42 15.2859 120.62 32.5413 177.91 46.4194 235.26 57.2293
9.44 0.1269 64.42 15.6059 121.62 32.8201 178.92 46.6954 236.26 57.4278
10.00 0.1502 65.42 15.9228 122.64 33.0996 179.92 46.8813 237.28 57.6519
10.57 0.1757 66.42 16.2562 123.63 33.3627 180.93 47.1091 238.29 57.7398
11.22 0.2067 67.44 16.5876 124.64 33.6498 181.93 47.3538 239.30 57.9187
12.02 0.2474 68.44 16.9102 125.64 33.9282 182.94 47.5385 240.30 58.0726
12.74 0.3036 69.44 17.2244 126.65 34.1695 183.94 47.7441 241.31 58.2397
13.53 0.3636 70.45 17.5406 127.64 34.4065 184.95 47.9363 242.32 58.4087
14.69 0.4693 71.44 17.8393 128.65 34.6698 185.95 48.1118 243.33 58.5775
15.51 0.5552 72.45 18.1507 129.66 34.9365 186.96 48.3599 244.34 58.6848
16.93 0.7336 73.45 18.4519 130.66 35.1853 187.96 48.5382 245.34 58.8521
17.95 0.8830 74.45 18.7506 131.67 35.5592 188.97 48.7526 246.35 58.9504
19.56 1.1536 75.45 19.0430 132.65 35.7513 189.97 48.9743 247.35 59.1016
20.37 1.3167 76.46 19.3526 133.67 36.0645 190.98 49.2133 248.37 59.2295
21.55 1.5115 77.47 19.6598 134.67 36.3182 191.98 49.4316 249.36 59.3815
22.32 1.6944 78.48 19.9694 135.68 36.5618 193.00 49.6518 250.38 59.5373
23.48 1.9696 79.49 20.2753 136.68 36.8319 194.00 49.8666 251.38 59.7010
24.33 2.1833 80.49 20.5894 137.68 37.1070 195.01 50.0842 252.40 59.7478
25.40 2.4636 81.49 20.8800 138.69 37.3713 196.02 50.2817 253.40 59.8604
26.32 2.7272 82.49 21.1770 139.70 37.6263 197.03 50.4535 254.40 59.9411
27.30 3.0086 83.49 21.4570 140.71 37.8700 198.03 50.6395 255.41 59.9889
28.29 3.3120 84.49 21.7528 141.72 38.1261 199.05 50.9013 256.41 60.0906
29.30 3.6347 85.49 22.0465 142.72 38.3778 200.06 51.0691 257.43 60.1534
30.28 3.9392 86.49 22.3470 143.73 38.6196 201.07 51.2693 258.42 60.2711
30.44 4.0646 87.49 22.6554 144.72 38.8646 202.08 51.4946 259.44 60.4101
31.41 4.3938 88.50 22.9820 145.74 39.1043 203.09 51.6480 260.44 60.5769
32.38 4.7220 89.50 23.3130 146.74 39.3599 204.09 51.8756 261.45 60.7049
33.36 5.0570 90.50 23.6237 147.75 39.5946 205.10 52.0784 262.44 60.8701
34.34 5.3993 91.49 23.9191 148.76 39.8439 206.11 52.1884 263.46 61.0585
35.32 5.7433 92.48 24.2213 149.76 40.0626 207.11 52.3418 264.46 61.1739
36.32 6.0867 93.48 24.5306 150.76 40.2892 208.11 52.5178 265.46 61.1481
37.32 6.4422 94.48 24.8419 151.77 40.5127 209.12 52.6189 266.47 61.3049
38.32 6.7794 95.49 25.1555 152.77 40.7560 210.12 52.8177 267.49 61.3919
39.33 7.1160 96.50 25.4643 153.78 40.9845 211.13 52.9982 268.48 61.5201
40.33 7.4603 97.51 25.7677 154.79 41.2203 212.14 53.2421 269.49 61.5592
41.34 7.8048 98.51 26.0720 155.79 41.4588 213.15 53.4007 270.49 61.6984
42.34 8.1634 99.51 26.3927 156.80 41.6832 214.15 53.5464
43.36 8.5083 100.53 26.7075 157.81 41.9276 215.16 53.7306
44.36 8.8518 101.54 27.0062 158.81 42.1655 216.16 53.7980
45.36 9.2011 102.54 27.3171 159.82 42.3791 217.16 53.9270
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mediate compositions the relative excess heat capacity has been
obtained and is shown in Fig. 6. It indicates that the excess heat
capacity can account for more than 50% of the total at very low
temperatures and decreases to about 5% at 250 K.3.2.3. The high temperature range ( T/K 250( ) > )
The irregularities of the heat capacity values above 250 K are
the result of limited resolution due to the Stycast encapsulation
and lower precision due to the reduced amount of materials. To
derive the smoothed values, the studied temperature range was
Table 5
Low-temperature heat capacity values of Th0.97Pu0.03O2 intermediate composition.
Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1)
7.34 0.0519 19.56 1.0824 60.35 14.3033 139.72 38.0213 218.82 53.0134
7.38 0.0526 19.87 1.1447 62.04 14.8540 141.30 38.3499 220.51 53.2977
7.50 0.0571 20.27 1.2218 63.73 15.4312 142.99 38.7822 222.18 53.5439
7.58 0.0571 20.68 1.3009 65.41 15.9994 144.68 39.2136 223.87 53.8097
7.66 0.0592 21.11 1.3910 67.07 16.5512 146.35 39.6748 225.55 54.1359
7.97 0.0661 21.55 1.4821 68.76 17.0921 148.04 40.0576 227.24 54.3213
8.13 0.0694 22.00 1.5794 70.47 17.6468 149.72 40.4204 228.91 54.4449
8.27 0.0731 22.45 1.6856 72.16 18.1949 151.41 40.8784 230.59 54.5993
8.44 0.0772 22.92 1.7953 73.86 18.7230 153.08 41.1588 232.28 54.8156
8.59 0.0812 23.41 1.9133 75.53 19.2567 154.77 41.5533 233.95 55.0431
8.76 0.0867 23.88 2.0353 77.22 19.7919 156.46 41.9333 235.65 55.3230
8.91 0.0911 24.38 2.1622 78.91 20.3257 158.14 42.2907 237.33 55.5652
9.09 0.0965 24.87 2.2888 80.60 20.8688 159.82 42.6837 239.01 55.8313
9.26 0.1007 25.38 2.4301 82.29 21.4104 161.52 43.0533 240.70 56.0162
9.44 0.1079 25.87 2.5625 83.97 21.9241 163.20 43.3582 242.38 56.2859
9.61 0.1133 26.36 2.6990 85.66 22.4384 164.88 43.7352 244.06 56.4578
9.81 0.1206 26.90 2.8629 87.34 22.9648 166.56 44.1147 245.74 56.6633
9.99 0.1276 27.46 3.0328 89.03 23.5226 168.25 44.4291 247.42 56.7555
10.20 0.1354 28.03 3.2049 90.71 24.0878 169.93 44.7403 249.10 56.9498
10.38 0.1428 28.63 3.3921 92.40 24.6501 171.62 45.0761 250.77 57.1464
10.60 0.1516 29.21 3.5708 94.08 25.2125 173.30 45.5227 252.45 57.3761
10.79 0.1597 29.84 3.7692 95.77 25.7138 174.99 45.8002 254.14 57.4984
11.02 0.1702 30.46 3.9721 97.44 26.2436 176.68 46.1830 255.82 57.6173
11.22 0.1801 31.09 4.1807 99.19 26.7283 178.37 46.4410 257.50 57.7489
11.46 0.1919 31.72 4.3881 100.87 27.2299 180.05 46.7630 259.19 57.8771
11.66 0.2030 32.32 4.6009 102.56 27.7348 181.73 47.0967 260.86 58.0630
11.92 0.2173 33.06 4.8559 104.23 28.2561 183.42 47.4578 262.54 58.2058
12.13 0.2287 33.67 5.0576 105.92 28.7674 185.11 47.6873 264.22 58.3775
12.39 0.2446 34.45 5.3253 107.60 29.2383 186.79 47.9868 265.90 58.5509
12.61 0.2576 35.06 5.5380 109.29 29.7183 188.48 48.2357 267.58 58.6377
12.89 0.2756 35.82 5.8075 110.98 30.2070 190.16 48.5596 269.26 58.7669
13.12 0.2924 36.53 6.0597 112.66 30.7277 191.85 48.8441 270.94 58.8440
13.40 0.3123 37.30 6.3285 114.34 31.2065 193.54 49.1545 272.62 58.9164
13.65 0.3304 38.08 6.5992 116.03 31.6702 195.22 49.4596 274.30 58.9301
13.94 0.3531 38.86 6.8910 117.71 32.1596 196.92 49.7956 275.97 58.9234
14.20 0.3751 40.07 7.3189 119.40 32.6291 198.59 50.0821 277.66 59.0086
14.51 0.4013 41.75 7.9091 121.08 33.1101 200.29 50.3040 279.33 59.0714
14.77 0.4271 43.45 8.5015 122.77 33.5463 201.97 50.6364 281.01 59.1622
15.10 0.4581 45.14 9.0941 124.45 34.0134 203.65 50.8921 282.68 59.2582
15.37 0.4887 46.83 9.6908 126.14 34.4579 205.34 51.1791 284.37 59.4795
17.02 0.6714 48.53 10.2706 127.82 34.9520 207.02 51.3355 286.03 59.5766
17.33 0.7271 50.22 10.8478 129.50 35.4265 208.72 51.6023 287.75 59.8499
17.71 0.7846 51.91 11.4435 131.19 35.8511 210.40 51.8292 289.33 60.1186
18.05 0.8341 53.60 12.0222 132.87 36.2663 212.09 52.1269 291.94 60.8698
18.43 0.8930 55.29 12.6005 134.55 36.7329 213.78 52.3451
18.79 0.9522 56.98 13.1710 136.26 37.0951 215.46 52.5618
19.20 1.0287 58.67 13.7456 137.90 37.5011 217.15 52.7646
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measurements ( T476 /K 1790< ( ) < ) of our previous work [10]
using the simultaneous linear regression. We thus obtained the
heat capacity value at T¼298.15 K corresponding to each inter-
mediate composition. In Table 3 the C 298.15 KP( ) values of all in-
termediate compositions are listed together with the constants for
the ﬁt equations of the low temperature heat capacity results
obtained in this study [10].
Based on low- and high-temperature heat capacity functions,no excess heat capacity is revealed for the high temperature re-
gion, as concluded also before in our previous study.4. Summary and conclusions
The low temperature heat capacity of (Th1y,Puy)O2 solid so-
lution with y¼0.03, 0.08, 0.30, 0.54 and 0.85 has been measured
from a minimum of 3.6 K up to about 300 K using a Quantum
Table 6
Low-temperature heat capacity values of Th0.92Pu0.08O2 intermediate composition.
Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1)
3.58 0.0080 5.64 0.0281 11.74 0.2252 29.29 3.7400 92.72 25.3003
3.60 0.0077 5.70 0.0293 11.91 0.2346 29.90 3.9404 94.63 25.9060
3.62 0.0083 5.77 0.0308 12.08 0.2463 30.49 4.1401 96.56 26.4722
3.64 0.0083 5.83 0.0317 12.25 0.2568 31.13 4.3573 98.55 27.1214
3.66 0.0086 5.90 0.0324 12.43 0.2677 31.73 4.5667 100.56 27.7218
3.67 0.0085 5.97 0.0330 12.60 0.2797 32.39 4.7952 102.62 28.3346
3.69 0.0086 6.04 0.0348 12.79 0.2928 33.06 5.0279 104.73 28.9451
3.71 0.0088 6.11 0.0352 12.97 0.3059 33.73 5.2637 106.90 29.6310
3.73 0.0092 6.18 0.0367 13.16 0.3190 34.39 5.5000 109.07 30.3004
3.75 0.0091 6.26 0.0384 13.35 0.3352 35.09 5.7414 111.32 31.0234
3.77 0.0093 6.33 0.0397 13.54 0.3492 35.78 5.9778 113.61 31.7747
3.80 0.0094 6.41 0.0409 13.74 0.3653 36.50 6.2361 115.93 32.4629
3.82 0.0096 6.49 0.0422 13.93 0.3820 37.27 6.5005 118.32 33.1464
3.84 0.0099 6.57 0.0439 14.13 0.3990 38.05 6.7952 120.74 33.8299
3.87 0.0097 6.65 0.0446 14.35 0.4181 38.83 7.0786 123.22 34.5232
3.89 0.0103 6.73 0.0469 14.54 0.4368 39.62 7.3717 125.76 35.2136
3.92 0.0104 6.81 0.0483 14.78 0.4613 40.42 7.6667 128.34 35.9482
3.94 0.0104 6.90 0.0507 14.96 0.4804 41.24 7.9701 130.98 36.6778
3.97 0.0105 6.98 0.0520 15.22 0.5079 42.09 8.2649 133.67 37.3781
4.00 0.0104 7.07 0.0542 15.41 0.5265 42.95 8.5773 136.42 38.0745
4.03 0.0106 7.16 0.0563 15.67 0.5577 43.83 8.8987 139.22 38.7763
4.05 0.0107 7.25 0.0574 15.87 0.5799 44.72 9.2258 142.08 39.4978
4.08 0.0114 7.35 0.0594 16.14 0.6125 45.63 9.5533 145.00 40.2289
4.11 0.0117 7.44 0.0620 16.35 0.6386 46.56 9.8892 147.98 40.9359
4.14 0.0117 7.54 0.0645 16.61 0.6745 47.51 10.2231 151.01 41.6236
4.17 0.0118 7.66 0.0679 16.86 0.7020 48.48 10.5601 154.12 42.3802
4.20 0.0124 7.68 0.0681 17.08 0.7337 49.47 10.9134 157.29 43.1199
4.24 0.0120 7.78 0.0711 17.37 0.7729 50.49 11.2663 160.53 43.8794
4.27 0.0128 7.88 0.0740 17.62 0.8086 51.52 11.6283 163.82 44.6220
4.31 0.0133 7.99 0.0764 17.87 0.8491 52.57 11.9926 167.18 45.4194
4.34 0.0132 8.09 0.0781 18.14 0.8904 53.65 12.3551 170.62 46.1055
4.38 0.0140 8.20 0.0820 18.41 0.9356 54.74 12.7259 174.12 46.8621
4.41 0.0139 8.31 0.0847 18.68 0.9815 55.87 13.1147 177.70 47.6265
4.45 0.0147 8.42 0.0875 18.96 1.0269 57.01 13.5177 181.34 48.2925
4.49 0.0150 8.53 0.0907 19.25 1.0761 58.17 13.9244 185.07 49.0606
4.53 0.0150 8.65 0.0950 19.40 1.1058 59.36 14.3531 188.88 49.7760
4.57 0.0157 8.77 0.0980 19.47 1.1188 60.58 14.7893 192.76 50.5167
4.61 0.0166 8.89 0.1023 19.81 1.1653 61.81 15.2175 196.72 51.2409
4.65 0.0158 9.00 0.1060 20.07 1.2439 63.08 15.6514 200.77 51.9253
4.69 0.0160 9.13 0.1097 20.46 1.3210 64.37 16.0823 204.88 52.4762
4.73 0.0173 9.25 0.1151 20.88 1.4108 65.68 16.5141 209.08 53.1446
4.78 0.0173 9.38 0.1192 21.29 1.5000 67.03 16.9526 213.39 53.9642
4.83 0.0178 9.51 0.1245 21.69 1.5917 68.39 17.4037 217.78 54.9925
4.87 0.0184 9.64 0.1294 22.15 1.6950 69.80 17.8730 222.25 56.1606
4.92 0.0190 9.78 0.1343 22.61 1.8010 71.23 18.3423 226.81 56.7593
4.97 0.0195 9.91 0.1397 23.05 1.9173 72.68 18.8419 231.47 57.0422
5.02 0.0202 10.05 0.1452 23.53 2.0373 74.17 19.3462 236.22 57.7815
5.07 0.0207 10.19 0.1505 23.99 2.1578 75.70 19.8614 241.07 58.4294
5.12 0.0217 10.33 0.1577 24.48 2.2898 77.24 20.3841 246.01 58.7994
5.17 0.0225 10.49 0.1595 24.96 2.4243 78.84 20.9245 251.06 58.8857
5.23 0.0237 10.64 0.1667 25.47 2.5643 80.45 21.4291 256.21 58.7838
5.28 0.0238 10.79 0.1736 25.97 2.7099 82.10 21.9712 261.45 59.0914
5.34 0.0245 10.94 0.1817 26.51 2.8676 83.79 22.5030 266.81 59.8998
5.39 0.0253 11.09 0.1904 27.03 3.0257 85.50 23.0600 272.27 60.7518
5.45 0.0262 11.25 0.1980 27.59 3.1981 87.25 23.6000
5.51 0.0268 11.41 0.2065 28.12 3.3658 89.04 24.1747
5.57 0.0278 11.57 0.2157 28.72 3.5558 90.86 24.7372
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the heat capacity due to the affected phonon frequencies of the
solid solution compared to the end members caused by the mass
difference and lattice strain (ionic radius difference) of Pu4þ and
Th4þ substitution on the cation sublattice. This effect is the
strongest at very low temperatures, and diminishes withincreasing temperature. Also the effect of the Schottky contribu-
tion caused by breaking of the degeneracy of the 4I5 electronic
ground state of the Pu4þ ion to the excess heat capacity could be
demonstrated, and is evident above T¼100 K for the samples with
54 and 85 wt.% PuO2.
The heat capacity of 239PuO2 has also been measured in this
Table 7
Low-temperature heat capacity values of Th0.70Pu0.30O2 intermediate composition.
Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1)
6.55 0.0418 8.79 0.0988 23.09 1.9548 94.23 25.5689 195.28 49.7234
6.56 0.0429 8.88 0.1029 23.54 2.0695 95.92 26.0741 196.97 50.0092
6.57 0.0439 9.00 0.1061 24.00 2.1922 97.59 26.5691 198.65 50.3012
6.58 0.0423 9.12 0.1107 24.47 2.3161 99.34 27.0358 200.33 50.4865
6.59 0.0425 9.26 0.1158 24.95 2.4508 101.02 27.4935 202.02 50.7744
6.60 0.0417 9.33 0.1185 25.44 2.5860 102.70 28.0016 203.73 51.0040
6.61 0.0432 9.48 0.1230 25.94 2.7330 104.37 28.5089 205.41 51.2368
6.62 0.0436 9.56 0.1269 26.42 2.8666 106.05 28.9814 207.09 51.4995
6.63 0.0437 9.72 0.1341 26.87 3.0066 107.73 29.4462 208.77 51.6956
6.65 0.0440 9.80 0.1374 27.47 3.1847 109.42 29.9209 210.45 52.0050
6.66 0.0450 9.92 0.1421 27.95 3.3382 111.10 30.4190 212.15 52.1227
6.67 0.0445 10.05 0.1475 28.51 3.5217 112.79 30.9146 213.83 52.4846
6.69 0.0468 10.18 0.1534 29.08 3.7021 114.47 31.3804 215.51 52.6139
6.70 0.0452 10.32 0.1589 29.71 3.9076 116.16 31.8523 217.20 52.8172
6.72 0.0460 10.46 0.1659 30.24 4.0790 117.83 32.3192 218.87 53.1351
6.73 0.0470 10.60 0.1720 30.88 4.2973 119.52 32.7774 220.56 53.4110
6.75 0.0458 10.75 0.1798 31.47 4.5073 121.20 33.2672 222.24 53.7528
6.77 0.0465 10.90 0.1873 32.09 4.7308 122.88 33.7317 223.94 54.0721
6.79 0.0472 11.06 0.1959 32.75 4.9517 124.57 34.1732 225.62 54.3354
6.81 0.0460 11.23 0.2056 33.40 5.1676 126.25 34.6386 227.30 54.4551
6.83 0.0485 11.39 0.2140 34.08 5.4111 127.93 35.0476 228.98 54.6698
6.85 0.0480 11.56 0.2231 34.76 5.6541 129.62 35.4854 230.66 54.8001
6.87 0.0477 11.74 0.2351 35.47 5.9146 131.30 35.9145 232.34 54.9913
6.89 0.0487 11.92 0.2460 36.19 6.1733 132.98 36.3760 234.03 55.2820
6.92 0.0486 12.10 0.2566 36.93 6.4395 134.67 36.7730 235.71 55.5648
6.94 0.0502 12.30 0.2691 37.68 6.6992 136.35 37.1904 237.40 55.8137
6.97 0.0502 12.48 0.2817 38.47 6.9933 138.03 37.6179 239.08 56.1027
6.99 0.0525 12.67 0.2962 39.19 7.2543 139.72 38.0584 240.77 56.3339
7.02 0.0514 12.96 0.3161 40.23 7.6321 141.40 38.4487 242.44 56.6139
7.05 0.0514 13.02 0.3213 41.91 8.2305 143.09 38.8784 244.12 56.8149
7.08 0.0533 13.42 0.3524 43.61 8.8348 144.77 39.3084 245.80 56.9695
7.11 0.0538 13.51 0.3599 45.45 9.4697 146.45 39.8307 247.49 57.0664
7.14 0.0539 13.85 0.3886 46.99 10.0356 148.13 40.0654 249.17 57.2869
7.18 0.0554 13.91 0.3947 48.84 10.6823 149.81 40.4784 250.84 57.4727
7.22 0.0547 14.35 0.4351 50.53 11.2745 151.50 40.8168 252.52 57.5628
7.25 0.0566 14.42 0.4410 52.21 11.8649 153.17 41.1773 254.20 57.7017
7.29 0.0573 14.83 0.4839 53.89 12.4441 154.86 41.5046 255.88 57.8328
7.33 0.0568 14.91 0.4921 55.58 13.0409 156.54 41.9326 257.56 57.9381
7.37 0.0585 15.36 0.5406 57.27 13.6068 158.22 42.2863 259.24 58.0830
7.41 0.0591 15.43 0.5495 58.94 14.1818 159.90 42.6243 260.93 58.2112
7.46 0.0624 15.90 0.6054 60.63 14.7180 161.59 43.0412 262.60 58.4331
7.51 0.0626 15.99 0.6172 62.31 15.2824 163.27 43.4307 264.29 58.6235
7.55 0.0631 16.48 0.6825 63.94 15.8370 164.96 43.8305 265.96 58.7650
7.61 0.0640 16.57 0.6951 65.67 16.4043 166.64 44.1244 267.63 58.8229
7.66 0.0655 17.08 0.7496 67.35 16.9680 168.32 44.4363 269.33 58.8046
7.71 0.0659 17.17 0.7626 69.03 17.5134 170.01 44.7386 271.00 58.8430
7.77 0.0679 17.69 0.8471 70.72 18.0579 171.69 45.1402 272.68 58.9322
7.83 0.0704 17.90 0.8819 72.40 18.6314 173.38 45.5412 274.35 58.6594
7.89 0.0710 18.34 0.9499 74.05 19.1586 175.06 45.9120 276.03 58.6243
7.95 0.0722 18.58 0.9867 75.73 19.6823 176.75 46.2929 277.71 58.5529
8.01 0.0734 19.00 1.0618 77.42 20.2242 178.43 46.7177 279.39 58.5596
8.08 0.0767 19.36 1.1363 79.10 20.7806 180.11 46.9741 281.05 58.6305
8.15 0.0798 19.83 1.2082 80.79 21.3115 181.80 47.2700 282.73 58.7453
8.22 0.0802 19.93 1.2377 82.47 21.8602 183.48 47.6493 284.40 58.9684
8.29 0.0836 20.59 1.3733 84.15 22.3917 185.16 47.9663 286.08 59.2600
8.37 0.0867 20.98 1.4615 85.83 22.8937 186.85 48.2661 287.77 59.4593
8.45 0.0887 21.38 1.5486 87.51 23.4243 188.53 48.4596 289.39 59.5632
8.53 0.0922 21.80 1.6408 89.19 23.9486 190.22 48.7991 291.91 60.7324
8.61 0.0936 22.22 1.7398 90.87 24.4964 191.91 49.0856
8.70 0.0974 22.65 1.8422 92.55 25.0347 193.60 49.4066
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the data published by Flotow et al. [11] for 242PuO2 and 244PuO2
over the entire temperature range, while the data presented bySandenaw [12] are considerably higher for the temperature range
up to 30 K. Sandenaw shows in his paper that the heat capacity
obtained up to 100 K is irreproducible and the peaks observed are
Table 8
Low-temperature heat capacity values of Th0.46Pu0.54O2 intermediate composition.
Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1)
7.25 0.0678 8.47 0.1073 15.85 0.6835 39.41 7.7693 108.07 30.6250
7.26 0.0702 8.53 0.1093 16.13 0.7232 40.21 8.0712 110.27 31.2920
7.27 0.0682 8.59 0.1124 16.41 0.7665 41.00 8.3747 112.51 31.9990
7.28 0.0680 8.64 0.1135 16.70 0.8076 41.77 8.6657 114.79 32.6600
7.29 0.0694 8.71 0.1162 16.99 0.8512 42.61 8.9748 117.13 33.3830
7.29 0.0696 8.77 0.1186 17.29 0.8973 43.44 9.2766 119.50 34.0360
7.30 0.0707 8.84 0.1213 17.61 0.9545 44.30 9.5899 121.94 34.7470
7.31 0.0701 8.91 0.1240 17.92 1.0079 45.17 9.9116 124.42 35.4530
7.32 0.0701 8.99 0.1264 18.25 1.0664 46.05 10.2380 126.95 36.1780
7.33 0.0701 9.06 0.1290 18.58 1.1319 46.96 10.5700 129.54 36.9020
7.34 0.0716 9.14 0.1323 18.92 1.1965 47.88 10.8990 132.18 37.6420
7.35 0.0695 9.22 0.1367 19.27 1.2680 48.83 11.2380 134.87 38.2920
7.36 0.0710 9.31 0.1427 19.63 1.3464 49.78 11.5880 137.62 39.0150
7.37 0.0714 9.40 0.1452 19.99 1.4260 50.77 11.9440 140.42 39.6790
7.39 0.0727 9.48 0.1487 20.23 1.4872 51.78 12.3000 143.28 40.4080
7.40 0.0719 9.60 0.1545 20.55 1.5588 52.80 12.6730 146.20 41.1690
7.41 0.0725 9.70 0.1587 20.90 1.6406 53.84 13.0360 149.18 41.8670
7.43 0.0749 9.80 0.1620 21.24 1.7175 54.92 13.4270 152.22 42.6750
7.44 0.0739 9.90 0.1698 21.61 1.8066 56.01 13.8080 155.33 43.4190
7.46 0.0740 10.01 0.1730 21.96 1.8934 57.13 14.2110 158.51 44.1140
7.47 0.0742 10.12 0.1788 22.35 1.9959 58.26 14.6070 161.74 44.8850
7.49 0.0766 10.24 0.1848 22.72 2.0873 59.42 15.0240 165.03 45.6460
7.50 0.0745 10.36 0.1923 23.13 2.2026 60.61 15.4350 168.40 46.4000
7.52 0.0752 10.48 0.1994 23.51 2.3054 61.82 15.8610 171.83 47.1910
7.54 0.0767 10.61 0.2031 23.95 2.4307 63.06 16.2880 175.36 47.9690
7.56 0.0774 10.73 0.2120 24.35 2.5433 64.31 16.7220 178.93 48.7510
7.58 0.0795 10.87 0.2207 24.81 2.6814 65.60 17.1500 182.59 49.4780
7.60 0.0767 11.01 0.2298 25.22 2.7968 66.91 17.6010 186.31 50.1540
7.62 0.0795 11.15 0.2377 25.69 2.9416 68.25 18.0620 190.12 50.9020
7.64 0.0797 11.30 0.2434 26.14 3.0759 69.63 18.5020 194.01 51.6880
7.67 0.0802 11.45 0.2552 26.63 3.2257 71.02 18.9660 197.97 52.4750
7.69 0.0805 11.62 0.2614 27.11 3.3780 72.44 19.4550 202.02 53.2200
7.72 0.0817 11.78 0.2740 27.61 3.5442 73.90 19.9360 206.14 53.8930
7.74 0.0825 11.95 0.2847 28.11 3.6997 75.39 20.4650 210.35 54.5680
7.77 0.0833 12.12 0.2990 28.64 3.8846 76.91 20.9430 214.64 55.5330
7.80 0.0832 12.29 0.3131 29.16 4.0599 78.46 21.4490 219.02 56.3290
7.83 0.0873 12.47 0.3274 29.69 4.2434 80.04 21.9390 223.48 56.9990
7.86 0.0879 12.66 0.3420 30.25 4.4295 81.65 22.4870 228.04 57.5860
7.90 0.0879 12.85 0.3567 30.81 4.6315 83.30 23.0140 232.69 58.2930
7.93 0.0880 13.05 0.3746 31.39 4.8361 84.98 23.5440 237.45 59.0320
7.97 0.0887 13.25 0.3955 31.99 5.0506 86.70 24.0960 242.30 59.7520
8.00 0.0910 13.46 0.4139 32.59 5.2625 88.45 24.6120 247.23 60.4390
8.04 0.0935 13.67 0.4345 33.21 5.4814 90.23 25.1600 252.27 61.0470
8.08 0.0942 13.89 0.4553 33.83 5.7086 92.05 25.6970 257.41 61.5100
8.12 0.0949 14.11 0.4798 34.48 5.9399 93.91 26.2680 262.68 62.2700
8.17 0.0959 14.34 0.5035 35.14 6.1825 95.81 26.8470 268.04 62.8740
8.21 0.0965 14.58 0.5310 35.82 6.4275 97.75 27.4630 273.50 63.3900
8.26 0.1003 14.82 0.5571 36.51 6.6893 99.73 28.0770 279.09 63.6940
8.31 0.1011 15.07 0.5851 37.21 6.9587 101.75 28.7060 284.78 64.2500
8.36 0.1029 15.32 0.6164 37.94 7.2144 103.81 29.3280 290.58 65.2380
8.41 0.1054 15.59 0.6496 38.67 7.5111 105.92 29.9690 297.39 66.1110
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conﬁrm the absence of anomalies for the measured temperature
range. The substantial residual entropy at T¼0 K strongly suggests
that his measurements were affected by radiation damage, spe-
cially below 20 K. We argue that the lattice disorder is not the
source of the anomalies observed in that work, since they were not
present in the low-temperature heat capacity of the (U,Am)O2xsystem [21] that is strongly affected by the 241Am decay.Acknowledgement
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Table 9
Low-temperature heat capacity values of Th0.15Pu0.85O2 intermediate composition.
Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1) Tm/K CP/(J mol1 K1)
8.05 0.1210 17.17 0.8945 38.74 7.7845 72.87 19.9960 127.19 36.7200
8.07 0.1220 17.85 1.0057 39.45 8.0528 73.54 20.2040 129.77 37.4230
8.09 0.1201 18.55 1.1311 40.20 8.3261 74.32 20.4780 132.40 38.1340
8.11 0.1211 19.31 1.2795 40.92 8.5955 74.98 20.6690 135.09 38.8440
8.13 0.1231 20.09 1.4420 41.70 8.8994 75.80 20.9660 137.83 39.4920
8.16 0.1239 20.16 1.4682 42.47 9.1899 76.44 21.1510 140.63 40.2690
8.19 0.1241 20.54 1.5530 43.26 9.4895 77.32 21.4940 143.48 40.9890
8.22 0.1254 20.90 1.6401 44.07 9.7843 77.94 21.6320 146.39 41.7190
8.26 0.1284 21.29 1.7343 44.90 10.1030 78.86 21.9880 149.36 42.4540
8.29 0.1290 21.65 1.8255 45.74 10.4140 79.47 22.1640 152.40 43.2270
8.33 0.1303 22.07 1.9301 46.60 10.7310 80.43 22.5170 155.50 44.0610
8.38 0.1321 21.99 2.0216 47.47 11.0450 81.03 22.6450 158.67 44.7920
8.43 0.1339 22.31 2.1068 48.38 11.3960 82.04 23.0140 161.90 45.5860
8.48 0.1361 22.64 2.1937 49.29 11.7340 82.61 23.1800 165.18 46.4200
8.54 0.1374 22.98 2.2877 50.22 12.0740 83.68 23.5140 168.55 47.1370
8.61 0.1407 23.34 2.3832 51.17 12.4200 84.23 23.6250 171.96 47.9740
8.68 0.1422 23.68 2.4839 52.15 12.7650 85.36 24.0670 175.47 48.7170
8.76 0.1455 24.06 2.5936 53.13 13.1320 85.88 24.2110 179.04 49.5060
8.84 0.1493 24.43 2.7028 54.15 13.4880 87.06 24.5920 182.69 50.2310
8.94 0.1523 24.83 2.8215 55.18 13.8630 87.57 24.7480 186.41 50.9450
9.04 0.1570 25.21 2.9384 56.24 14.2360 88.81 25.1680 190.20 51.7940
9.15 0.1619 25.63 3.0564 57.32 14.6240 89.28 25.2610 194.08 52.6570
9.28 0.1665 26.03 3.1885 58.42 15.0180 90.58 25.6890 198.04 53.4670
9.41 0.1719 26.47 3.3246 58.77 15.1750 91.03 25.8180 202.08 54.1830
9.56 0.1802 26.89 3.4446 59.55 15.4310 92.39 26.2580 206.20 54.9890
9.72 0.1885 27.36 3.5984 59.93 15.5950 92.82 26.3400 210.40 55.6920
9.89 0.1970 27.80 3.7597 60.70 15.8490 94.25 26.8060 214.68 56.5850
10.06 0.2056 28.27 3.9268 61.10 16.0270 94.64 26.8910 219.06 57.4320
10.29 0.2168 28.73 4.0831 61.87 16.2530 96.14 27.3610 223.51 58.1830
10.51 0.2295 29.23 4.2569 62.31 16.4360 96.51 27.4350 228.07 58.9330
10.75 0.2434 29.73 4.4345 63.07 16.6710 98.08 27.9770 232.72 59.7050
11.00 0.2581 30.25 4.6198 63.54 16.8590 98.41 28.0490 237.46 60.5250
11.27 0.2758 30.77 4.8067 64.28 17.0980 100.05 28.6130 242.31 61.0460
11.57 0.2971 31.29 4.9970 64.78 17.2910 100.46 28.7250 247.24 61.9640
11.89 0.3199 31.84 5.1995 65.52 17.5090 102.06 29.2640 252.27 62.6390
12.23 0.3506 32.40 5.3968 66.06 17.7210 104.12 29.8140 257.41 63.1600
12.60 0.3817 32.98 5.6075 66.79 17.9350 106.22 30.5130 262.66 63.8510
12.99 0.4174 33.56 5.8216 67.37 18.1480 108.37 31.1410 268.01 64.4840
13.41 0.4656 34.15 6.0614 68.09 18.3750 110.55 31.8120 273.48 65.1170
13.85 0.4981 34.76 6.2616 68.70 18.5860 112.79 32.4970 279.04 65.5150
14.32 0.5484 35.39 6.5060 69.41 18.8090 115.06 33.2040 284.73 66.1450
14.83 0.5990 36.03 6.7366 70.06 19.0690 117.39 33.8910 290.53 67.9420
15.36 0.6478 36.69 6.9528 70.76 19.2600 119.76 34.5750 296.61 70.4100
15.93 0.7157 37.36 7.2408 71.45 19.5280 122.19 35.2650
16.53 0.7990 38.05 7.5079 72.14 19.7260 124.66 35.9670
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